Abstract: This review discusses historical and recent pharmacological and clinical data on the anti-edematous, anti-inflammatory, and venotonic properties of escin (Reparil ® ). Escin, the active component of Aesculus hippocastanum, or horse chestnut, is available as orally absorbable dragées and as a transdermal gel. The anti-inflammatory and anti-edematous effects of escin have been studied over many years in pre-clinical models. More recent data confirm the antiinflammatory properties of escin in reducing vascular permeability in inflamed tissues, thereby inhibiting edema formation. The venotonic effects of escin have been demonstrated primarily by in vitro studies of isolated human saphenous veins. The ability of escin to prevent hypoxiainduced disruption to the normal expression and distribution of platelet endothelial cell-adhesion molecule-1 may help explain its protective effect on blood vessel permeability. Escin oral dragées and transdermal gel have both demonstrated efficacy in blunt trauma injuries and in chronic venous insufficiency. Both oral escin and the transdermal gel are well tolerated.
Introduction
Local soft tissue edema is one of the main common symptoms of acute conditions, such as post-traumatic or post-surgical events, or chronic conditions like chronic venous insufficiency (CVI). 1 CVI itself is a result of macrovascular and microvascular changes in the lower extremities, including basement membrane thickening, capillary bed malformation (enabling increased fluid permeability), and endothelial damage. 1 The role of the endothelium in transvascular exchange has long been studied. 2 In cases of local inflammation, hypoxic damage to endothelial cells augments the local inflammatory process, and ultimately leads to impairment of endothelial functions. 3, 4 Immunohistochemical studies have shown that hypoxic conditions reduce the expression of cytoskeletal proteins and platelet endothelial cell-adhesion molecule (PECAM), which are important for maintenance of the intercellular junction proteins, and promote the release of pro-inflammatory molecules such as vascular cell-adhesion molecule (VCAM-1). 4 CVI and post-traumatic soft tissue damage are therefore both characterized by hypoxic vulnerability of capillary vessels, and any treatment for CVI or edema should aim to restore normal oxygen levels (normoxia). The mainstay of treatment for CVI is compressive stockings, 1, 5 with surgical and/or pharmacologic therapies also prescribed depending on severity. 1 However, a concomitant medication aimed at protecting endothelial cells from hypoxic damage would be also beneficial, to reduce the loss of capillary function.
Escin is the active component of Aesculus hippocastanum, the horse chestnut, which was itself used as a traditional medicine for centuries, 6 and is still used to treat certain conditions, including hemorrhoids, 7 varicose veins, hematoma, and venous congestion. 8 Escin was first isolated in 1953, 6 and has demonstrated anti-edematous, anti-inflammatory, and venotonic properties in various preparations. 9 It has also shown effectiveness as an adjunct 10 or alternative 11 to compression therapy, and is known to act directly on endothelial hypoxia. 9 This review describes the chemical properties and pharmacology of escin, as well as the pharmacokinetics and clinical uses of escin oral dragée and gel formulations (Reparil ® , Meda Pharma SpA, Milan, Italy -a Mylan Company).
Methods
The review was based on articles identified via an initial search of PubMed using the terms escin AND ((chronic venous insufficiency) OR (injury)), not restricted by date or language. The resulting articles were assessed by the author for suitability for this review. For data on pharmacokinetics and clinical use, only studies involving Reparil ® formulations are included in this report.
Articles on escin preparations not based on Aesculus hippocastanum semen were excluded.
Chemistry
In the 1960s, Lorenz et al found that horse chestnut seeds contain a fraction consisting of a mixture of the triterpenic sapogenins, which could be chemically isolated without denaturation. 12 These pentacyclic triterpenic sapogenins were identified as protoescigenin and barringtogenol, and the fraction was named escin (and later β-escin).
13
Escin includes a trisaccharide linked to the 3-OH residue (glucose, xylose, and galactose), and the C21 and C22 domains are esterified with an organic acid (e.g., angelic, tiglinic, or acetic acid). 8 The main escin isomers are β-escin (the basis of the pharmaceutical preparations of the formulations of escin in this review) and kryptoescin. β-escin is relatively water-insoluble while kryptoescin is readily watersoluble, but considerably less active than β-escin. 8 The molecular formula of escin is C 55 H 86 O 24 , and its molecular weight is 1131.27 Da (Figure 1 ). 8 The mode of action of escin is shown in Figure 2 , 9 and is further described in the "Pharmacology" section.
Preparations
Raw escin 2.5% is extracted with methanol and water from a purified, concentrated, homogenized preparation of horse chestnut seeds. It is subsequently further purified and crystallized as pure escin. 8 
Dragées with orally absorbable escin
The low water solubility of crystallized escin (<0.01%) means its bioavailability after oral administration is low.
14 However, the development of a specific production technology has enabled the modification of crystalline escin, Figure 1 The chemical structure of the key saponin in escin.
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rendering it more water-soluble and, therefore, suitable for oral administration. 15 Comparative technical and biological analyses showed that this modification of the crystalline structure of escin into an amorphous state increased its water solubility by approximately 2%, 16 meaning it could be used as the active principle ingredient of gastroresistant dragées, the first oral form of absorbable escin (at doses of 20 and 40 mg).
Escin gel for transdermal application
The escin-based gel formulation for transdermal application is a pharmaceutical preparation combining 1% or 2% escin and 5% diethylaminosalicylate (DEAS) in an isopropylalcohol gel formula. The clinical indications for the escin-based gel formulation are treatment of localized edema, blunt lesions, hematoma, superficial thrombophlebitis, and vertebral painful syndrome.
Pharmacology
At least three types of pharmacological action of escin have been identified: 1) anti-edematous and anti-inflammatory effects; 2) effect on venous tone; and 3) protection of hypoxic damage to the endothelium.
Anti-edematous and anti-inflammatory effects
The inflammatory process may be described as a cascade, beginning with a decrease in ATP content in endothelium cells, for example, as in blood stasis in CVI. 3 In turn, this results in increased cellular calcium concentrations and the release of inflammatory mediators, such as prostaglandins 17 and platelet-activating factor. 18 This leads to the recruitment, activation, and adhesion of polymorphonuclear neutrophils. 3 In the course of an inflammatory reaction, histamine and serotonin, which increase capillary permeability, are also released. The net result of these changes is DovePress extravascular migration of leukocytes, exacerbation of inflammation, edema, and pathological venous changes. 19 The effects of escin on inflammation and edema have been confirmed in various preclinical models over many years. In a study in 1961, intravenous (IV) administration of escin 0.2 and 2.5 mg/kg was found to significantly reduce acute edema induced in a rat paw model, and in the same study, escin was found to inhibit the increase in vascular permeability induced by egg white injection. 20 Hampel et al investigated the anti-inflammatory effects of escin in an animal model, in which local inflammation was induced in the abdominal skin surface of rabbits using chloroform. Escin, at doses of 0.5-2 mg/kg for IV administration and 10-40 mg/kg for oral administration, dosedependently reduced capillary permeability. 21 In a further experiment in rabbits, IV escin 0.3 and 1.0 mg/kg was associated with dose-dependent antagonism of bradykinin-induced increases in capillary permeability, with a resultant decrease in lymph fluid exudation. 22 In a rat model of pleurisy, IV escin 0.35, 0.5, and 0.7 mg/kg reduced exudate in a dose-dependent manner. 23 The mechanism underlying the anti-edematous and antiinflammatory effects of escin are not clear, but they may involve a number of actions. In vitro experiments demonstrated that incubation with escin strongly inhibited the activity of hyaluronidase, which degrades hyaluronic acid, the main component of the capillary extravascular matrix. 24 Recovery of components such as hyaluronic acid may reduce leakage of plasma from endothelium and may help to explain the effect of escin on edema. A recent study showed that the anti-inflammatory effects of escin gel may be mediated by an effect on the glucocorticoid receptor (GR). 25 In the skin from rat models of paw edema and capillary permeability, escin gel treatment at doses of 0.02 and 0.04 g/kg increased GR levels to a similar degree in both models. Further analysis in both models demonstrated increased expression of NF-κB, P38MAPK mRNA, and increased expression of protein NF-κB, P38MAPK, and AP-1. Treatment with escin (0.02 and 0.04 g/kg) significantly inhibited the expressions of NF-κB and AP-1 and the mRNA expression of NF-κB (p<0.05). 25 Co-administration of suboptimal concentrations of IV escin and corticosteroids inhibited the secretion of nitric oxide, tumor necrosis factor (TNF)-α and IL-1β in lipopolysaccharide (LPS)-stimulated RAW264.7 macrophage cells, and these changes were associated with a marked reduction in exudate in a model of pleuritis and reduced edema volume in a rat paw model. 26 Treatment with suboptimal concentrations of escin or corticosteroids alone did not induce these changes, suggesting synergistic anti-inflammatory effects. 26 In mice, escin 0.45, 0.9, or 1.8 mg/kg given intragastrically protected against indomethacin-induced gastric ulcers, and caused significant reductions in the malondialdehyde, TNF-α, Pselectin, and VCAM-1 content in gastric tissue. 27 In the same experiment, intragastric escin also reduced myeloperoxidase activity, as well as superoxide dismutase, catalase, and glutathione peroxidase, indicating an antioxidant effect. 27 These results indicate that, due to inhibition of the release of inflammatory inhibitors, escin has specific antiinflammatory properties in reducing vascular permeability in inflamed tissues, thereby inhibiting edema formation, as well as potential anti-oxidative effects.
Effect on venous tone
The effects of horse chestnut extracts and escin on venous tone have been primarily demonstrated in isolated human saphenous veins, specifically by in vitro studies of normal venous segments obtained during surgical saphenectomy procedures. 8 Escin stimulation of human saphenous vein segments pretreated with norepinephrine consistently induced an increase in venous tone, which was maintained for up to 1 hr after escin had been washed from the vein. 28 The increase in venous tone obtained with escin 5-10 µg/mL was abolished following incubation with indomethacin (1 µg/mL) and other non-steroidal anti-inflammatory drugs, indicating a prostaglandin (PG)F2α-dependent effect of escin on venous tissue. 29 In a separate experiment, escin 1-100 mg/mL led to effective contraction of venous tissue from ankle and groin areas, but did not improve tone in venous segments from the more severely tortuous saphenous vein, 30 suggesting that the effects of escin may be maximal when used early in the course of CVI.
Prevention of hypoxic damage to the endothelium
The hypothesis that escin inhibits the deleterious cellular cascade induced by hypoxia, and the mechanisms by which this occurs, has been tested in various in vitro and ex vivo models.
In an in vitro experimental model of human umbilical vein endothelial cells (HUVECs) incubated under hypoxic conditions, ATP was reduced by 40% and the activity of phospholipase A2 (PLA2), an enzyme responsible for the release of precursors of inflammatory mediators, was increased 1.9-fold ( Figure 3A) . 3 Escin, at concentrations of 100-750 ng/mL, partially protected against the loss of ATP, and inhibited hypoxia-induced increases in PLA2 by 57-72%. 3 The same study showed that hypoxia-activated endothelial cells also have increased adhesiveness for neutrophils, and that this process can be prevented dosedependently by escin ( Figure 3B ). 3 In another study, HUVECs were exposed to conditions mimicking hypoxia (induced by exposure to cobalt chloride [CoCl 2 ] and inflammation induced by exposure to Escherichia coli LPS), to further detail the mechanism of action of escin on the vascular endothelium. 4 PECAM-1, VCAM-1, and IL-6 were chosen as molecular targets, because they are markers of alteration of endothelial barrier function and leukocyte adhesion. In particular, PECAM-1 is critical to the maintenance of adherent junction integrity at interendothelial cell-adhesion sites, and appears to convert mechanical forces such as shear stress into chemical signals. PECAM-1 is a key regulator of neutrophil transmigration through the basement membrane in inflammation, ischemia-reperfusion, and oxidative injury. 4 As shown in Figure 4A , hypoxia was associated with disruption of the normal expression and distribution of PECAM-1, whereas escin prevented the resulting damage. 4 This may explain why escin prevents pathological increases in blood vessel permeability. Hypoxia also led to reorganization of the endothelial cytoskeleton, while escin showed prevention of this cytoskeletal disruption ( Figure 4B and C). When just-isolated umbilical veins have been studied under hypoxic conditions, hypoxia has been shown to elicit an increase in neutrophil adhesiveness. 31 After these umbilical vein segments were incubated for 2-6 hrs with escin at concentrations of 100-750 μg/mL, hypoxia-induced damage was reduced compared with the control groups. 31 In this study, the hypoxia-induced formation of superoxide anions and leukotriene B4 was almost completely prevented by escin. 31 The role of the endothelium in venous insufficiency and a potential link with arterial endothelial dysfunction led to an experiment conducted in rat aortic rings, in which escin prevented pyrogallol-induced reduction in acetylcholine relaxation, thus demonstrating a potential to promote endothelial function. 32 An in vitro study by Domanski et al found that β-escin was associated with the protection of the endothelial layer against TNF-α-induced permeability, significantly increased total cellular cholesterol content, and reduced TNF-α-induced NFκB activation, thus providing further possible explanations for the effects of escin on endothelial function. 33 In HUVECs or ECV304 cells, β-escin sodium (10, 20, or 40 μg/mL) dose-dependently inhibited endothelial cell proliferation, and at 40 μg/mL also induced apoptosis of endothelial cells. 34 
Pharmacokinetics

Oral administration
In animal models, 13-16% of an oral dose administered by gastric probe is absorbed (non-volatile radioactivity), with a maximum plasma concentration (C max ) achieved about 4 hrs after the administration, and about two-thirds is subsequently excreted via bile. 35 In rats, the absorption of escin Ib and isoescin were evaluated after IV or oral administration. Low oral bioavailability (F) values of 2% were observed for both compounds, and the administration of sodium escinate, which contains the two isomers, resulted in higher terminal phase half-life (t 1/2 ) and mean residence time values for both escin Ib and isoescin Ib compared to administration of either isomer alone. 36 
Topical application
In transcutaneous absorption studies, 3 H-escin was applied on dorsal and ventral skin in mice, rats, guinea pigs, and pigs, and total radioactivity, non-volatile radioactivity, and thin-layer chromatography were assessed at different time points in several tissues and organs. 37 In mice and rats, 25%
and 50%, respectively, of the radiolabelled topical dose was absorbed by the skin. Overall, 1% of the dose of escin was excreted, with one-third each being unaltered escin, nonvolatile metabolites, and volatile radioactivity. 37 In mice, only one-third to one-quarter of non-volatile radioactivity measured in blood was related to native escin, and in rats only one-sixth to one-seventh of the absorbed dose was excreted as unmodified escin. 37 Following topical administration in pigs, high escin concentrations were found under the site of application, even in deeper muscle structures, but in only low amounts in the internal organs, blood, and dorsal musculature, with total excretion in bile and urine estimated at 1-2.5%. 38 
Drug-drug interactions
Studies have indicated that herbal products containing coumarin derivatives, such as the Aesculus hippocastanum, may potentiate the anticoagulant activity of warfarin by increasing the international normalized ratio. 39 However, these coumarin derivatives (aesculin and fraxetin) are present in the bark of Aesculus hippocastanum, 40 but not in the seeds or the seed shell, which is the part of the plant from which the active component of escin is derived. 8 
Clinical use Oral administration Trauma
The clinical efficacy of oral escin in inhibiting edema formation has been demonstrated in a number of trials in orthopedic patients. 41, 42 gIn a double-blind, parallel-group, 3-arm, clinical study, 300 patients with postoperative or post-traumatic soft tissue swelling (contusion, sprain, or fracture traumas) were treated for 14 days with oral escin (20 mg three times a day), placebo, or a fibrinolytic control drug (serratiopeptidase 5 mg three times a day). 42 There was a reduction in edema (slight improvement or better) in 82.3% of patients in the oral escin group compared with 75% in the fibrinolytic control group and 72.4% in the placebo group (p<0.05 for escin vs placebo by day 3). Escin also scored significantly better in subjective evaluation criteria at the end of the 14-day treatment. 42 The number of adverse events in the three groups was 4 (4.1%), 7 (7.1%), and 8 (8.1%), respectively. A placebo-controlled, parallel-group, 4-arm study was conducted in 100 orthopedic patients (50 with post-plastering edema and 50 with reactive post-traumatic edema). 41 In each group, 40 patients received oral escin (2×20 mg three times a day) and 10 were treated with placebo. Limb circumference, plethysmography, and the presence or absence of spontaneous pain were evaluated. In this study, treatment with escin improved post-plastering edema in 92% of patients and post-traumatic edema in 95% of patients, with the majority of the improvement occurring in the first 3 weeks of treatment. 41 The mean difference in water volume change after 4 weeks of treatment was -680 mL post-plaster and −1090 mL post-trauma with escin, and -230 mL post-plaster and -330 mL post-trauma with placebo ( Figure 5A and B). 
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Venous insufficiency
The efficacy of oral escin administration in patients with CVI was evaluated in a double-blind, randomized, clinical study in 80 patients with stage 2 and 3 saphenous vein varices. 43 In this study, patients received oral escin 2×20 mg three times a day (n=40) or placebo (n=40) for 21 days, and improvement in circulation was measured using light reflection rheography (LRR) to record venous filling status and venous refilling time; pain, swelling and stretching sensation were also measured. On day 14, the refilling time in the escin-treated group had increased from 13 to 31 s (a 168% increase), while no significant difference was observed in the placebo group. At the end of the study, a significantly greater increase in refilling time was still observed in the escin group compared with the placebo group (p<0.0001 between groups). There was a substantial improvement in symptomatic criteria after 14 days of treatment with escin, whereas no significant change occurred in the placebo-treated group. 43 The effect of oral escin 2×20 mg three times a day has also been compared with that of placebo in a study of 195 women with various venous disorders of the pelvis or legs, including varicose veins; both groups were treated for 25 consecutive days, followed by 5 days without treatment, for≥3 months. 44 Efficacy was evaluated on the basis of an observer-blind assessment of symptom improvement, classified as "very good", "good", "moderate", or "bad". In the escin-treated group, there was an 85% increase in the scores for "very good" and "good", in contrast with a 12% increase in the placebo-treated group. 
Topical administration Trauma
Sports injuries constitute 10-19% of all acute injuries treated in the emergency room. 45 Typical sports injuries are characterized by contusion, strain, stretching, and crushing, with or without consequent hematoma formation. Injury results in vasoconstriction, with release of serotonin and thromboxane A2, and release of prostacyclin by cell membranes, in order to prevent blood leakage. Platelets adhere to damaged blood vessels, initiating hemostasis. The inflammatory response prompts vasodilation, which is stimulated by nitric oxide, bradykinin, histamine, and prostaglandins. The increase in vascular permeability allows neutrophils to interact with the endothelium, while selectin mediates the capture and recruitment of leukocytes along the surface of endothelial cells, followed by the actions of ICAM-1 and VCAM-1 molecules to allow leukocyte adhesion to the endothelium. 46 Clinically this presents as swelling and pain, functional limitation, and reduced mobility.
To investigate the effect of escin-based gel on limb contusion trauma and mobility, 100 patients with blunt sport lesions were randomized to receive topical 2% escin+5% DEAS gel (mean daily dose 5 applications; n=50) or matching placebo (mean daily dose 4 applications; n=50) in a double-blind, placebo-controlled study. 47 In the escin group, the mobility of the injured limb increased from 50% to 89% compared with the uninjured limb within 9 days (p<0.02), versus a smaller increase in mobility from 50% to 67% in the placebo group. No changes were found in the circumference measurements on the lower limbs of patients in the placebo group, while the circumference of the injured leg in the escin group had almost returned to that of the uninjured leg within the mean treatment period of 9 days (p<0.02). In general, patients evaluated escin-based gel performance as "very good" or "good"; in contrast, the evaluation of the placebo treatment was mainly "moderate" or "ineffective". 47 In the same study, a significantly greater proportion of patients in the escin group than in the placebo group had remission of swelling, pain on movement, pain on loading, and local hyperthermia ( Figure 6 ). 47 Another randomized, controlled, double-blind clinical study compared the efficacy of 2% escin+5% DEAS gel with that of a gel containing 1.16% diclofenac diethylamine salt in 140 volunteers with experimentally induced sub-injection hematoma. 48 The main efficacy outcome was the area under the curve (AUC) of pressure until pain was experienced. The AUC for pain threshold was higher in the escin combination group versus the diclofenac group (38.68 vs 30.71 h•kp/cm 2 ; p<0.0004). Furthermore, pain on pressure was restored to the normal threshold (value before induction of the hematoma) significantly more rapidly with the escin combination gel than with the diclofenac gel (p<0.001). 48 
Figure 6
Remission of symptoms following blunt trauma after treatment with escin-based gel or placebo (all p<0.05 for escin-based gel vs placebo). Data from Rothhaar and Thiel. 47 In a double-blind study published in 2001, 126 patients with blunt injuries of the extremities were randomized to treatment with one of the following gels: 1% escin+5% DEAS (n=32), 1% escin+1% sulfated escin with heparinoid properties (PSNA)+5% DEAS (n=31); 2% escin+5% DEAS (n=32); or placebo (n=31). 49 The primary efficacy variable was mean AUC for tenderness. Mean AUC for tenderness over 6 hrs after treatment was significantly lower with all escin-containing gels than with placebo (1099.06, 1170.74, 1177.93, and 734.02 kp•min/cm 2 in the 1% escin, 1% escin+1% PSNA, 2% escin, and placebo groups, respectively; p=0.0001 for all active-treatment groups vs placebo), with no statistically significant differences between the three active-treatment groups. 49 More recently, the clinical efficacy of escin-containing gels in the topical treatment of blunt impact injuries was investigated in a randomized, double-blind, placebo-controlled, multicenter study. 50 A total of 158 participants in soccer, handball, or karate competitions were enrolled within 2 hrs of sustaining a strain, sprain, or contusion, and randomized to topical administration of one of the following, three times over 8 hrs: 1% escin-based gel; 2% escin-based gel (both gels contained 5% DEAS); or placebo. The primary efficacy variable was AUC for tenderness over a 6-hr period, where tenderness was measured by applying pressure to the center of the injury using a calibrated caliper, with a higher AUC indicating lower pain sensitivity, and a better clinical response. The two gel preparations containing 1% and 2% escin were significantly more effective than placebo, with both showing a higher mean AUC over 6 hrs versus placebo (22.9 and 23.1 vs 17.2 kp h/cm 2 ; p=0.0001 and p=0.0002, respectively). The time to achieve a tenderness value at the injured site equivalent to that of the contralateral side at baseline (i.e., resolution of pain) was shorter in the active-treatment groups than in the placebo group (p<0.0001), and both escin-based gel preparations produced more rapid pain relief than the placebo gel, with no notable differences between the two active gels. 50 
Venous insufficiency
The efficacy of 1% escin+5% DEAS gel versus a placebo gel was compared in patients with stages 2 and 3 saphenous vein varices in a randomized, placebo-controlled, double-blind, clinical study. 51 Patients were randomized to receive either topical escin-based gel (two times a day for 3 weeks) or placebo, and the principal outcome measure was the improvement in blood flow or perfusion, quantitatively assessed as refilling time on days 14 and 28, determined by LRR before treatment. Patients were also questioned regarding the main symptoms of vein disease (heaviness in the legs, swelling in the evening, pain, burning feet, and itching). After 2 weeks of treatment, refilling time had significantly increased from baseline in the escin-treated group (from 10.2 to 24.4 s; p<0.001), indicating restored venous tone, while refilling time decreased in the placebo-treated group from 14.9 to 11.7 s (Figure 7 ). 47 Evaluation of subjective symptoms showed a very close correlation with the results of the LRR, with an improvement in overall symptom scores observed with escin-based gel after 14 days of treatment ( Figure 8A and B).
51
Tolerability A meta-analysis of studies using a range of oral escin preparations demonstrated that these products were well tolerated, with no severe adverse events reported. 52 The pooled incidence of any adverse event was similar with escin (14.4%) and placebo (12.4%), and these events were mild and transient. The most common adverse events were mild gastrointestinal disorders (constipation, diarrhea, vomiting, and nausea), headache, dizziness, flushing, itching, and fatigue. 52 In clinical studies, escin-based gel was rated as having excellent or good tolerability by >85% of patients who were assigned to topical administration of escin-based gel.
49,50
Conclusion
Several decades of research have demonstrated the antiinflammatory, anti-edematous, venotonic, and endothelial protective properties of escin, and shed light on the underlying mechanisms by which escin exerts these effects. Escin, as an oral formulation or a topical gel, reduces edema and increases venous tone, producing measurable improvements in venous hemodynamics, both in patients with blunt injury and those with CVI. Further clinical studies of escin are needed to demonstrate these properties in larger patient populations.
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